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There  are  a  number  of  factors  \';hich  should  be  considered  in  the 
'dehydration  of  vegetables  in  order  to  make  a  dried  product  v^hich,  v.-hen 
rel^'drated,  Td.ll  closely  resemble  the  original  fresh  product  in  color, 
flavor,  texture  and  nutritive  value. 

VARIETY  OF  VEGETABLE;' 

The  freezing  and  car^ning  industries  have  known  for  some  time  that 
only  certain  varieties  of  vegetables  can  be  successfully  processed,  and 
the  importance  of  using  selected  varieties  in  the  dehydration  industry'"  is 
equall;y  great.  Some  vegetable  varieties  acquire  a  distinctly  bitter 
flavor  when  dried,  vvhile  others  lose  considerable  color  and  flavor  as  a 
result  of  the  combined  blanching  and  drj'ing  process.  Satisfactory  types 
are  usually  v;ell  colored,  possess  characteristic  flavors  and  are  satis- 
f actor;;,'-  i:i  vitamin  content,  ?J"eakly  colored  and  flavored  vegetables  are 
unsatisfactory, 

STAGE  OF  :.Ii\TURITY; 

After  the  proper  varietal  selections  have  been  made,  the  next  steu 
xs  a  consideration  of  the  sta'ge  of  maturity  of  these  vegetables.  Vego-  ^ 
tables  at  their  optimum  stage  of  matui^ity  should  be  used;  immature 
vegetables  are  ;7eak  in  color  and  flavor,  and  overmature  vegetables  are 
usually  tough  and  vfoody. 

HARVESTING: 

Green  vegetables  to  be  used  for  dehydrating  should  preferably  be 
harvested  early  or  late  in  the  day,  to  avoid  heat  and  dirt^ct  rays  of  the 
sun,-  and  brought  to  the  dehydrator  as  quickly  as  possible  to  avoid  deter- 
ioration. As  an  example,  experiments  have  shov/n  that  a  high-grade  spinach 
will  lose  much  of  its  vitamin  C  -(ascorbic  acid)  content  within  six  hours 
after  cutting.   Green,  leafy  vegetables  Y,'hich  have  been  harvested  for 
several  days  will  not  give  satisfactory  dehydrated  products.  Newly  har- 
vested, mature  vmite  potatoes  are  higher  in  vitamin  C  than  those  v;hich 
have  been  stored  for  several  months;  some  varieties  of  sweet  potatoes 
after  storage  for  two  to  three  months  will  darken  i7hen  dehydrated.   Com- 
parable changes  occur  in  other  vegetables  during  storage. 

If  it  is  not  possible  to  begin  processing  of  succulent  vegetables, 
such  as  peas,  very  shortly  after  harvesting,  they  may  be  placed  in  cool 
storage  at  about  40*  F.  or  packed  with  crushed  ice  and  held  thus  for  12 
to  16  hours  v;ithout  serious  deterioration. 
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DEUYS  BET^'jUEN  HaK\^STING  ATJD  PROCESSING  TEI^D  TO  LOV^R  THE 
QUALITY  OF  THE  FINAL  PRODUCT. 

PREPARATION;  '     • 

Freshly  harvested  vegetables  must  be  properly  prepared  before 
going  into  the  dehydrator.  Such  preparation  includes  v;ashing,  sorting, 
trimming,  peeling,  coring,  slicing,  dicing  or  shredding  and  blanching. 
These  preparation  steps  should  be  carried  out  with  suitable  mechanical 
equipment  free  from  contact  v;ith  copper,  galvanized  iron  or  other  metals 
which  tend  to  destroy  flavor,  color,  and  vitamins.  The  wash  v/ater  should 
be  of  potable  quality,  as  cool  as  possible,  and  soft  rather  than  hard. 

The  line,  consisting  of  preparation  machinery  and  conveyor  belts, 
should  be  so  arranged  that  the  incoming  fresh  vegetables  are  carried 
through  the  several  steps  at  an  even  rate  of  flo?.'  and  the  filled  trays 
go  into  the  dehydrator  \;ithout  unnecessar;^-  delay.   If  the  prepared  vege- 
tables cannot  be  blanched  immediately,  they  should  be  held  under  clean, 
cool,  running  v/ater  or  in  a  1  or  2/S  salt  solution.  In  no  case  should 
the  unblanched  product  be  held  more  than  three  hom^s  prior  to  dehydration. 

Eqxiipment  r.ust  be  arranged  so  as  to  be  accessible  in  all  parts  in 
order  that  thorough  cleaning  \;ith  steam  and  hot  vrater  is 'possible.   In- 
sanitar;;^^  conditions  in  and  around  the  pdant  may  lead  to  rejection  of 
deliveries  and  possible  seizure  of  the  product  or  criminal  prosecution 
under  the  Federal  or  Statt  Pure  Food  Laws. 

TRAYING: 

Prepared  vegetables  are  spread  evenly  on  ^suitable  trays  and  the 
amount  of  loading  is  particularly  important.  The  general  practice  of 
overloading  trays  to  increase  the  capacity  of  the  dehydrator  .is  ineffi- 
cient.  Heavy  loading  of  trays  retards  the  air-flow  through  the  rav; 
product,  resulting  in  longer  dn'ing  time  and  consequent  loss  of  quality 
and  yield.  Careful  study  has  shovm  that  loads  of  3/4  to  1-1/2  lbs.  per 
square  foot  may  be  used,  the  lighter  loads  for  leafy  vegetables  and, the 
heavier  loads  for  most  root  vegetables. 

Metal  or  wood  trays  having  bottoms  made  of  #4  or  n^   tinned  hard- 
v/are  cloth  are  best,  but  all-wood  trays  are  more  often  used  owing  to  the 
general  unavailability  of  metal.   (Galvanized  trays  are  not  recommended 
for  use  with  fruit).  A  two-man  tray  3'  x  6»,  or  one-man  trays  3'  x  3' 
are  ordinarily  used.  YjTien  the  loaded  trays  are  stacked  one  on  top  of  the 
other,  the  open  space  between  trays  on  the  intake  and  discharge  ends 
should  be  2  inches  to  2-1/2  inches,  so  that  the  air-flow  over  the  vege- 
tables is  not  greatly  retarded. 
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BUNCHING: 

All  vegetables,  with  the  exception  of  onions,  should  be  properly 
steani  blanched  for  varj-ing  lengths  of  time,  depending  on  the  vegetables 
\ised  and-  the  size  of  the  pieces.  The  purpose  of  blanching  is  to  inacti- 
vate enzyines'  believed  to  be  responsible  in  part  for  undesirable  changes 
in  color,  flavor,  texture  and  loss  of  vitamins  during  drying  and  subse- 
quent- storage.  This  blanching,  or  partial  precooking,  also  hastens  in 
the  rehydration  or  reconstitution  of  the  dried  products. 

Blanching  is  ordinarily  carried  out  in  steam  of  sufficient  flow 
to  heat  the  product  to  190*  F.  -vdthin  one  minute.  Water  blanching  has 
been  recommended  for  certain  vegetables,  but  this  procedure  tends  to 
remove  considerable  soluble  solids,  color  and  water-soluble  vitamins. 
Blanching  in  hard  water  toughens  the  vegetables  and  soluble  iron  salts 
will  discolor  them. 

The  length  of  blanch  for  each  individual  vegetable  is  important. 
Under-blanching  does  not  give  the  desired  results,  while  over-blanching 
makes  the  product  "mushy"  and  hard  to  dr^;-.  The  vegetables  should  be  sub- 
jected to  direct  contact  with  live  steam,  and  the  timing  of  blanching 
should  not  be  started  until  the  blancher  temperature  has  -reached  190**  F, 
or  higher. 

DRYING: 

The  tunnel  type  dehydrator  is  especially  designed  for  continuous 
operation.'  Y/here  labor  supply,  legal  restrictions,  or  other  causes  pre- 
vent such  operations,  the  cabinet  or  batch  dehydrator  is  more  satisfactory. 
Using  the  cabinet  type,  it  is  possible  to  make  two  runs  per  day  of  many 
products,  keeping  a  full  working  force  only  during  a  reasonable  v;orking 
period. 

The  spray  and  drum  types  of  dehydrator s  give  products  in  a  povrdery 
or  flaky  form.  Such  products  are  of  value  in  some  soup  stocks,  as  condi- 
ments or  for  other  uses  where  size  of  the  piece  is  unimportant. 

Vacuum  dehydrators  are  in  use  to  a  very  limited  extent.  They  may 
operate  continuously  or  as  a  batch  process.  Temperatures  used  extend 
belov;  the  freezing  point  of  the  m.aterial  to  be  dried,  up  to  perhaps  as 
high" as  115-120°  F.  Vacuum  dehydrators  require  large  amoTints  of  metal 
in  proportion  to  output  of  product,  and  they  also  require  considerable 

auxiliary-  equipment,  particularly  in  the  form  of  vacuum  pumps  or  steam 
ejectors. 

From  the  economic  standpoint,  the  selection  of  any  type  of  dehy- 
drator depends  primarily  upon: 

(a)  The  cost  of  equipment  and  installation  per  unit  of  output, 

(b)  Operating  cost  per  unit  of  output. 
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At  present,  the  tunnel  type  of  dehydrator  is  most  generally  used. 

The  tine  required  to  dry'  vegetables  in  a  tunnel- type,  hot-air 
dehydrator  and  the  daily  drying  capacity  of  the  same  dehydrator  are  in- 
separably related,  so  that  any  change  which  affects  the  one  will  affect 
the  other.   Considerations  of  quality  favor  rapid  drying.   Conditions 
Y/hich  bring  about  rapid  drying  v;ill,  other  things  being  equal,  also  in- 
crease the  drying  capacity  of  the  dehydrator;  but  paradoxically,  a 
reduction  in  the  dry-ing  load  imposed  on  the  unit  may  be  the  only  feasible 
method  of  shbrtening  the  drying  time. 

Experimental  work  indicates  that  under  conditions  which  take  no 
account  either  of  capacity  or  economy,  blanched  spinach  may  be  dried  in 
less  than  1  hour,  riced  white  potatoes  in  2-1/2  hours,  and  blanched  cab- 
'bage  shreds  in  2  hours.  Practical  drying  times  must  be  longer. 

The  factors  which  detorminc  the  practical  drying  time  are:   (1) 
design  of  dehydrator,  (2)  volume  of  air-flow,  (3)  maximum  safe  tempera- 
ture, (4)  proportion  of  recirculation  of  air,  (5)  rate  of  input  of  v;et 
product  (that  is,  dehydrator  capacity),  (6)  r;eight  or  depth  of  moist 
product  carried  by  unit  of "the  trays,  and  (7)  character  of  the  product 
to  be  dried, 

1.  Design  of  Dehydrator 

(a)  In  general,  rapid  drying  is  favored  by  a  dehydrator  v/hich 
assures  intimate  contact  of  the  rapidly  moving  drying  air  v/ith  the 
product,  and  eliminates  useless  short-circuiting  of  air, 

(b)  Rapid  drying  at  reasonable  capacity  is  favored  by  moving 
the  air  through  the  tunnel  in  the  opposite  direction  to  the  flovr   of 
the  product  ("counter-current"),  or  introducing  hot  air  at  both 
ends  of  the  tunnel  and  exhausting  the  cool,  moist  air  near' the 
center. 

(c)  Rapid  drying  is  favored  by  insulating  the  tunnel  against 
loss  of  heat,  and  by  eliminating  air  leakage, 

(d)  Rapid  drying  is  favored  by  moving  the  air  at  high 
velocity  over  the  moist  product.   This  velocity  should  be  at 
least  800  linear  feet  per  minute,  and  it  may,  with  advantage, 
be  1,000  or  even  1,200  linear  feet  per  minute,  at  least  in  the 
wet  end  of  the  tunnel.  After  one-half  to  two-thirds  of  the 
moisture  has  been  removed  from  the  material,  air  velocity  has 
little  effect  on  the  rate  of  drying. 

(e)  Rapid  drying  is  favored  by  the  use  of  drj'ing  trays  v;ith 
metallic  perforated  or  mesh  bottoms,  which  transfer  heat  by  con- 
duction to  the  moist  material;  and  by  using  any  arrangement  which 
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c'auses  a  part   or   all  of  the  drying  air  to  pass  througli  the   layer 
of  moist  Tiaterial, 

2.  Volunip  of  Air-Flovf 

Entirely  separate  from  the   effect  referred  to  above  a  high 
total  voliune   of  air-flovv  favors  the   conibination  of  rapid  drj^ing 
Trith  high  drj'ing  capacity, 

3.  LvaximWi.  Safe  Terxperature 

Rapid  .drying  is  favored  if  the  inconing  air  is  heated  to  the 
highest  ttnperature  that  is  safe  to  use  on  the  product  in  question. 
This  allowable  air ' temperature  is  generally  somewhat  higher  for  the 
moist  product  than  for  tne  dried,  because  the  racist  product  stays 
relatively  cool  while  its  moisture  is  evaporating  rapidly. 

4.  Proportion  of  Recircu].aticn  of  Air 

(a)  If  a  part  of  the  air  exhausted  from,  the  cool  end  of  a 
tunnel  is  returned,  miixed  "v/ith  the  incoming  fresh  air,  and  re- 
heated, the  air  in  the  tunnel  becomes  more  moist;  drying  tii.ie 
becomes  longer,  but  a  substantial  sa\dng  of  heat  results. 

(b)  A  high  percentage  of  recirculation  is  common  in  fruit 
drying  tunnels,  partly  to  prevent  the  occurrence  of  "case- 
hardening",  a  condition  v/hich  develops  v/hen  dehydration  is 
attem.pted  at  too  high  a  temperature  and  too  lov/  a  relative 
hur:iidity.   It  consists  in  the  formation  of  a  horny  shell  which 
retards  both  dehydration  and  rehydration.   This  phenom.enon  is 
rarely  experienced  in  the  dehydration  of  blanciied  vegetable 
slices,  strips.,  and  cubes  of  tiie  usual  dimensions,  and  recircu- 
lation becomes  aLmost  entirely  a  matter  of  coiupromise  betv/een 
heat  economy."  and  tunnel  capacity  or  drying  tine. 

Note:   Factors  2,  5,  and  4  -  Voli:uiie  of  air-flov;  temperature,  and 
proportion  of  recirculation  -  taken  together,  deteri.iine  the 
theoretical  maximui.i  drying  capacity  of  the  dehydrator.  Actual 
drying  perfonnance  m.ust  always  be  less  than  this  theoretical 
maximum,  and  may  be  only  a  small  fraction  of  it, 

5.  Rate  of  Input  of  Wet  product 

(a)  Dr)^ing  at  the  rate  referred  to  in  paragraph  1.  may  be 
realized  in  a  tunnel  dehydi^ator  only  by  operating  the  equipm.ent 
in  such  a  manner  that  the . air  passing  through  the  tunnel  does 
not  cool  perceptibly,  and  is  loi:  in  relative  hi:imidity  tm^ough- 
out  the  tunnel.   These  conditions'  can  be  attained  in  ordinary 
tunnel  dehydrator  s  only  by  dim.inishing  i.:aterially  the  weight 
of  moisture  evaporated  into  the  given  volurae  of  circulating  air; 
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that  is,  bv  Jii:D.nishin£^  the  evaporati-Aj  load  en  th^  t^iniiel.  The 
evaporative  load  may  orly   be  decreased  by  dininishing  the  veight 
of  moist  product  charged  into  the  tunnel  per  hour  —  either  b;.^ 
decreasing  the  load  of  product  per  square  foot  of  tray  sui-'face 
v;hile  decreasing  in  a  smaller  proportion  the  length  of-  time  a 
single  truck  is  held  in  the  tunnel,  or  if  tiie  tray  loading  is 
maintained  unchanged,  by  diminishing  the  nuraber  cf  trucks  in  t};ie 
tunnel  at  once,  xh-j   latter  method,  carried  to  the  lii.iit,  leaves 
only  a  single  track,  and  the  product  is  dried  as  a  batch.  Such 
a  unit  is  known  as  a  cabinet  deliydrator.   If  a  cabinet  'lehydrator 
is  operated  in  this  v;£y  to  attain  m.aximura  dr^^ing  rate)  the  cost 
of  heat  is  excessive,  while  if  measures  are  taken  tu  conserve 
heat  —  for  exaifiple,  by  recirculation  —  drying  tiiae  lengthens 
tov/ard  that  norr.ally  required  in  a  tunnel, 

(b)  It  should  be  noted  that  if  the-  air-flov;  must  be  inter- 
rupted Y;henever  a  fr^sh  truck  is  put  into  ti:e  tunnel,  drying 
substantially  stops  in  all  cf  the  trucks  while  the  tunnel  re- 
mains open.   If  this  changing  cf  trucks  takes  place  at  sh(;rt 
intervals  of  tir:e,  the  equipment  loses  a  p^irceptible  part  of 
its  rated  drying  capacity.  For  example,  if  '-Affective  drying 
stops  for  2  minutes  out  cf  every  15,  drying  capacity  is  almost 
10  percent  less  than  if  the  shutdovm  is  for  only  2  minutes  out 
cf  every  45.   The  length  cf  time  trucks  must  be  held  in  the 
tiinnel  increases  proportioiially.   The  improvement  in  drying 
tiiAe  v;hich  m.ay  be  expected  to  result  from  light  tray-loading 
is,  therefore,  partly  offset  by   this  factor  of  increased  shut- 
dca'm  tir.ie, 

6,  V/eight  .  r  Depth  of  heist  Product  Carried  by  Unit  Ai-ea  of  Trays 

Rapid  drjrinr  is  favored  by  relc:tively  lignt  tray  loadiing.  _ 
There  is  a  fairly  definite  load  per  square  foot,  characteristic 
for  each  type  of  material,  i.'hich  vrill  tend  to  pro'uce  the  mcOii- 
mum  drying  perfemance  of  the  dehydrator.  However,  although 
capacity  decreases  only  slightly  at  loadings  consid.erably  above 
or  below  this  critical  loading,  drying  time  is  substantially 
longer  at  the  heavier  loadings  rjid  substantially  shorter  at 
the  lighter  ones.  It  is  usually  desirable,  th-erefore,  to  use 
a  tray-loading  somewhat  lighter  than  that  which  ly^'uld  give  the 
absolute  i.Kiximum  of  output. 

Note:  The  main  advantage  of  a  reasonably  long  txinnel,  in  vege- 
table dehydration,  is  that  it  allov/s  trays  to  be  loaded  lightly, 
thus  helping  to  increase  the  rate  of  drying,  without  unduly 
decreasing  the  capacity  of  the  tunnel.  Too  long  a  tunnel,  on 
the  other  hand,  is  difficult  to  control,  and  is  expensive  to 
build,  miaintain  and  operate.  Practical  corjnercial  tunnels 
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comproEiise  betTreen  the  extremes,  and  range  from  30  to  55  feet 
long  overall;  the_  actual  length  occupied  by  trucks  is  usually 
betr^een  20  and  40  feet. 

7.  Character  of  the  product  to  be  Dried 

(a)  Regardless  of  the  amount  of  air  and  heat  furnished ,  if 
the  moisture  is  difficult  to  remove  because  of  physical  structure, 
high  sugar  content,  or  other  reasons,  the  dr\'ing  cannot  be  rapid 
or  the  dr^'-ing  capacity  high,   lixperiniental  determination  of  di^'-ing 
rate  under  knovm  conditions  is  the  onlj""  v/ay  to  evaluate  the  effect 
of  these  differences. 

(b)  Pieces  of  thin  cross-section  dr^'  more  rapidly  than  thick 
ones. 

(c)  Pieces  v/hich  give  a  porous  layer  on  the  tray  —  potato 
or  cabbage  shreds,  or  strongly  curling  carrot  slices  —  dry 
faster  than  pieces  whicii  adhere  into  a  single  thicK  layer,  like 
non-curling  potato  slices, 

(d)  "Mush"  caused  by  bruising,  careless  handling,  or  over- 
blanching  dries  very  slowlj'-. 

8.  Sources  of  Heat  for  Drying 

(a)  Y.Tiere  natural  gas  is  an  abundant  and  econordcal  fuel, 
the  air  supply  to  a  dehydrator  may  bo  most  conveniently  heated 
by  direct  combustion  of  the  gas  in  the  circulating  air  itself. 
Under  proper  safeguards,  some  grades  of  fut^l  oil  may  be  similarly 
burned  directly  in  the  circulating  air  without  dam.age  to  the  pro--  ■ 
duct.   Low-grade  fuel  oils,  such  as  crude  oil,  or  coal,  or  irood, 
must  either  be  bui^ned  in  a  separate  furnace,  from  vmich  heat  is 
transferred  to  the  circulating  air-  through  a  system  of  sheet  metal 
flues,  or  used  to  generate  steam  in  a  suitable  boiler.   In  the  lat- 
ter case,  hoat  is  transferred  to  the  circulating  air  through  an 
appropriate  steam  radiator  installation. 

(b)  V/hcn  gas  or  oil  is  burnc;d  directly  in  the  drj'ing  air,  sub- 
stantially all  of  the  heating  value  of  the  fuel  is  made  available 
to  the  dehydration  process.   If  the  hoat  transfer  is  indirect,  on 
the  cthv^r  hand,  whether  through  a  flue  system,  or  through  the  st.:am- 
boiler-radiator  combination,  not  m.ore  than  50-75)C  of  the  heating 
value  of  the  fuel  v;ill  be  available  to  the  dehydrator, 

(c)  The  amount  of  heat  which  must  be  supplied  to  the  circulat- 
^ing  air  v.dll  generally  range  between  2,000  and  5,000  B.t.u,  per 
pound  of  water  evaporated.  The  actual  he£.t  usago  in  any   specific 
case  v.dll  depend  in  a  complex  manner  on  m.any  of  the  factors  named 
in  the  foregoing  discussion.  Llany  commercial  tunnel  dehydrators 


operate  at  a  huat  input   of  approximately  3,000  B.t.u.   per  pound 
of  evaporation, 

(d)      If  heat   is    supplied  thiTough  a  steam  boiler,   the  boiler  capacity- 
required  vvdll  be  roughlj'-  6  to  10  boiler  horsepov/er  for  each  ton 
of   vegetables  to  be  dried  per  Z4  hours.      The  boiler   capacity 
required  to    serve  a  continuous  dehydrator,    such  as  a  tunnel, 
will  ordinarily  be  less  than  that  required  by  a  group  of  batch 
dehydrators   of  the   same   daily  dr^^^ing   capacity, 

Simmar^^ 

Commercial  dehydration  rnalces  practical  compromises  between 
many  of  the  foregoing  factors.   Local  conditions  v/ill  affect  the 
relative  importance  given  to  one  or  the  other.   The  actual  drying 
time,  even  for  the  most  easily  dehydrated  proaucts  is  rarely 
less  than  4  hours  and  is  more  usually'"  5  to  G  hours.  Drying  times 
of  6  to  8  hours  are  frequently  c-ncountered  in  practice.  A  time 
as  long  as  12  hours  is  unnecessary  for  any  common  vegetable,  in 
slices,  shreds,  or  cubes  of  the  usual  dimensions,  if  the  final 
moisture  content  need  not  be  reduced  much  below  5  to  7  percent. 
The  shorter  tlie  drying  time  for  a  given  product,  in  general,  the 
higher  v/ill  be  the  dehydration  cost  per  pound  of  product  for 
heat,  pov/er,  and  some  elements  of  labor,  but  if  the  short  drying 
time  is  accompanied  by  increased  plant  output,  fixed  charges  per 
pound  of  product  v/ill  usually  decrease,  partly  or  wholly  offsetting 
the  higher  operating  cost, 

PACICAGIIIG 

Dehydrated  vegetables  must  be  packed  in  suitable  containers  v/hich 
are  moisture-proof,  moisture-vapor-proof,  and  insect-proof.  Precautions 
should  be  taken  that  the  product  is  not  insect-infestfcd  before  being  put 
in  the  containers.  For  best  results,  the  packaging  should  be  done  Vifith- 
in  a  reasonable  time  in  a  room  with  lo\.'  relative  humidity,  free  from 
dust,  and  separate  from  the  operating  part  of  the  plant.  Five-gallon, 
friction-top  tin  cans  \7hich  are  spot  soldered  are  ordinarily  used  as 
containers  for  dried  vegetables.  Lioisture-proof  paper  containers  are 
being  developed  for  the  packaging  of  these  products. 

In  order  to  prevent  insect-infestation,  and  especially  the  de- 
position of  insect  eggs  on  the  dried  products,  the  packing  room  and  the 
packages  must  be  kept  scrupulously  clean,  and  fuiiiigated  if  necessary. 
As  an  additional  precaution,  the  products  may  be  heated  to  135°  F.  for 
a  fev;  minutes  immediately  before  packir.g.  All  packages  should  be  given 
the  same  treatment,  or  othen/ise  fuinigated  ir.imediately  before  filling. 
Packages  must  be  closed  directly  after  filling. 

Army  specifications  requii'e  that  certain  dehydrated  vegetables 
must  be  packed  under  an  inert  gas,  such  as  carbon  dioxide  or  nitrogen. 


Nitrogen  is  preferable  for  green  vegetables.  These  gases  can  be  ob- 
tained in  cylinders  and  the  anounts  cf  gas  needed  dravm  off  through 
reducing  valves  and  tubing.  After  filling  the  container,  the  gas  flov.' 
pipe  is  inserted  to  the  bottoin  and  the  lid  adjusted  as  corapletely  as 
possible.  After  30  seconds,  the  tube  is  slo'vTly  r^^noved  and  the  lid 
pressed  on  and  spot  soldered,  Tv;o  five-gallon  cans  of  dried  vegetables 
are  packed  together  in  a  light-vrcight  box  for  shipping. 

A  nore  acciu^ate  method  of  introducing  gas  into  the  cans  is  by 
means  of  a  vacuun  bell  or  other  evacuated  chamber  in  vniich  trie  air  con- 
tent of  the  container  is  replaced  v/ith  cither  carbon  dioxide  or  nitrogen. 
Another  method  is  to  thrust  the  gas  flov;  pipti  to  thu  bottom  cf  the 
locsely-ccverod  5-gallcn  can  filled  with  deh^j'-drated  vegetables.  One 
cubic  foot  of  the  gas  (approximately  50  percent  in  excess  cf  5  gallons) 
is  allo\7ed  to  pass  through  the  gas  flov/  pipe.  The  gas  should  pass 
through  a  recording  gas  meter  'vvhich  can  be  either  of  the  dry  or  wet 
type.  The  most  convenient  meter  has  a  s^veep  hand  showing  one  cubic 
foot  per  revolution.  This  technique  insures  a  thorough  replacement  of 
the  air  tc  belcvv  2  percent  of  oxygen.   The  lids  cf  the  cans  are  then 
immediately  put  in  place  and  spot  soldered. 

It  should  be  pointed  out  thatwhero  specifications  call  for 
hermetically-sealed  containers,  friction  top  cans  with  or  vdthcut  spot 
soldering,  will  not  be  considered  as  "hermetically-sealed." 

The  packaged  material  should  be  stored  in  a  cool,  dry  place.  The 
lov/er  the  storage  temperature,  the  longer  the  life  of  the  product, 

METHOD  OF  DETi:;m,IINirJG  IvIQISTURE  IN  DRIED  VEGETABHiiS 

For  factory  control  work,  the  m.ost  satisfactory  method  of  determin- 
ing moisture  is  by  a  slight  modification  of  the  so-called  Bidv/ell- 
Stcrling  technique  described  in  the  "Method  of  Analyses  of  the  Association 
of  Official  Agricultural  Chemists."  For  this,  one  \i±ll   need: 

Bidwell-Sterling  moisture  apparatus 

1  small  scale  -  a  diabetic  scale  will  be  sufficiently  accurate 
1  hand-operated  meat  grinder 
1  electric  stove 

The:  Bidv/ell-Sterling  apparatus  and  "diabetic"  scale  can  be  pur- 
chased from  any  large  chemJLcal  supply  house. 

The  method  of  determinati-^n  is  as  follov's: 

Grind  a  representative  sample  in  the  meat  grinder  using 
the  finest  knife.   Introduce  25-30  grams  (accurately  weighed) 
cf  the  ground  sample  into  the  flask  of  the  distilling  apparatus. 
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Add  about  120  c.c.  of  toluene  and  ..connect  the  apparatus.  Fill 
the  receiving  tube  v.i.th  toluene  by  pour,ing  through  the  top  of 
the  condenser.  Bring  to  a  boil  and  distill  slcv;!^'  about  2  drops 
per  second  for  20  ninutesj  then  increase  the  rate  of  distillation 
to  4  drops  per  second  for  10  more  minutes.   Stop  the  boiling  and 
v/ash  doTin  the  condenser  by  pouring  toluene  in  at  the  top.  If  ar^^ 
water  renains  in  the  condenser,  remove  it  by  brushing  down  with  a 
tube  brush  attached  to  a  copper  vfire  and  saturated  v/ith  toluene, 
v/ashing  dovm  the  condenser  at  the  sane  tine.  Allow  the  receiving 
tube  to  cone  to  room  temperature.   If  any   drops  adhere  to  the  sides 
of  the  tube,  force  them  dcT.'n  by  means  of  a  rubber  band  wrapped 
around  a  copper  \<'ire.  Read  the  volume  of  i/ater  (in  cubic  centi- 
meters) v;hich  vfill  be  the  toottor;  layer  in  the  receiving  tube. 
Calculate  the  percentage  cf  water  in  the  sample  by  the  simple 
formula : 

cubic  centir.ieters  of  v/ater  in  receiving  tube  x  100  =  %   "i/Jater 
v/eight  of  sample  taken 

Inasmuch  as  toluene  vapors  are  toxic  when  inhaled  to  any  extent  and 
inf lar.imable ,  the  determination  should  be  carried  out  in  a  v;ell 
ventilated  room. 

If  further  detailed  information  is  desired,  inquiries  should  be 
addressefl  to: 

The  Deliydration  Committee 

Bureau  of  Agricultural  Chemistry'  and  Engineering 

U.  S.  Department  of  Agriculture' 

\7ashington,  D.  C. 

or  to 

The  Dehydration  Coi.im.ittee 

Bureau  of  Agricultural  Chemistry'  and  Engineering 

U.  S.  Department  of  Agriculture 

800  Buchanan  Street 

Albany,  California 


